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Table S1 Effect of bicarbonate on adenylyl cyclase activity of GST-MpCAPE-AC

Proteins Specific activity (pmol min’' mg'l) b
GST-MpCAPE-AC (Mg™") 0.39 £ 0.05
GST-MpCAPE-AC (Mg’", 50 mM HCO3") 0.35+0.04

*Mean values + standard deviation (n =4)

®Adenylyl cyclase activities were assayed as described in Methods except forusing 200 mM Tris-
HCIl (pH 7.5) instead of 50 mM Tris-HCI (pH 7.5). OnemM MgCb and 50 mM NaHCO3 were
used.



Table S2 cAMP phosphodiesterase activity of His-MpCAPE-PDE proteins

Proteins Phosphodiesterase activity (pmol min'l) b
His-MpCAPE-PDE 573+ 19
His-MpCAPE-PDE-H199Q n.d.f
His-MpCAPE-PDE-H203Q n.d.f

*Mean values + standard deviation (n = 3)

bc AMP phosphodiesterase activities were assayed as described in Methods with MgCl,.

‘n.d. =notdetected



Table S3 Accession number of registered adenylyl cyclase genes in phylogenetic tree

Species Abbreviation Accession No.

Viridiplantae and Euglena
Marchantia polymorpha Marchantia Mapoly006850004 "
Physcomitrella patens Physcomitrella Pp3c8 21740"!
Selaginella moellendorffii Selaginella 427736"12
Adiantum capillus-veneris Adiantum LC164752
Coleochaete orbicularis Coleochaete GBSL01008739.1"3
Chara braunii Chara LC169160

Klebsormidium flaccidum

Klebsormidium

kfl00481_0040"*

Mesostigma viride Mesostigma GBSK01038777.1°°
Chlamydomonas reinhardtii Chlamydomonas EDP05013
Ostreococcus tauri Ostreococcus XM 003079447
Coccomyxa subellipsoidea Coccomyxa XM 005649187
Micromonas pusilla Micromonas XM 003056838
Euglena gracilis Euglena PACa-Cl AM181334
Euglena PACa-C2 AM181334
Alveolata
Plasmodium falciparum Plasmodium AJ289136
Fungi
Saccharomyces cerevisiae Saccharomyces CYRI1 M12057
Neurospora crassa Neurospora XM 011394894
Bacteria and Cyanobacteria
Sinorhizobium meliloti Shinorhizobium CyaA M35096
Arthrospira platensis Arthrospira CyaC D49692
Arthrospira CyaG D49531
Mammalia
Rattus norvegicus Rat type2-C1 AAA40682
Rat type2-C2 AAA40682
Bos taurus Bovine typel-C1 NP_776654
Bovine typel-C2 NP_776654
Homo sapiens Human typel0(sAC)-C1 NP_060887
Human typel0(sAC)-C2 NP_060887

“Thttps://phytozome.jgi.doe.gov

"> The cDNA sequence in this study was reconstituted from the predicted ORF sequence (427736)
and the genome DNA sequence to obtain the best match to the sequence from Marchantia
polymorpha.

"SNCBI TS A accession number GBSL01000000 (Ju et al. Nat. Plants, 1, 14004 (2015))
““http://www.plantmorphogenesis. bio. titech. ac.jp/~algae_genome_project/klebsormidium/

"SNCBI TS A accession number GBSK01000000 (Ju et al. Nat. Plants, 1, 14004 (2015))



1 MEKPELKDDKGKDQEENDEAKNKRPRDLRIPLLNLERAREYVPPASPTEK
51 TASDSEMLIISELPNIGQPDFSFSPVLEREDSPKLKAPSALSDEAVQQVL
101 OGINSWTFDIFQLDDDSLPKMVEKIFRELGLFDNFPLDVKKVRAFTNAMV
151 MRYQPNPYHNFRHACDVLHAVYLILTLVDGRKKLSHLEVFALALAALCHD
201 VDHPGLTNAFLVATYDPLALRYNDRAVLESHHAATCFITMRGNDSLNLLA
251 GLSEEEQRHMRKLMIVLILATDMGEHARILREVGERVQDLRPFEQSPFYT
301 PPGCLSPILRDAESSSSGNTTAGAKSSDAPPSPKRLPDKVYKNPLSPSPP
351 IQSTSDVMLLIQLITKCADISNVVKPFFLSKRWAALLLLEWFRQGEIEKQ
401 LGLPISKFMDREDPSTLMAMTCGCIDYIAKPMYEVMTKLLPRMHENVLVN
451 LNLNROMWSTFSTNGRRASETAQQILGPFAPPPIPKGEAVQEGYQQDHSK
501 LEGKLVATFSGQYVSSDVPSRKLESSPSAKSLGSVSEDSEETVENVEDSP
551 ILSVTDRSSEFSRLGSEAGSSVKTSPQFLSRAGTEAPSSPQSPLQASQEQ
601 RGSPSPGVQYRLSPRGPGSPSVPVTQISGNPESPGYRETYGPGGSQPAAM
651 EVPFVQKSPHEPVAVDVDVAASQQSADVIAPLSKPQALQVKQPVVPTVSR
701 GVHFDDSELTASERSELSSSIQSGSSPDLALRVSFVAINPDSDSVKVLIE
751 QSDPLSTATIEQRDPDSPRMTGLEPFLEEVAASSSESKAEPETEDEYNQR
801 YEAPLSLLFGAPTREELMLPAKIGKDKNASLVSALLPGANNLVNDRKQONA
851 WEQMAFRSPSEQAASRGSILTTVPSFANSDGDLEKSSSLRKGPPPGFWEA
901 LRTHPRVNRLNRALESKTWNALLIVATLVALFADDVVKGFLPKHADVYES
951 HILTACLSLFLAESALLCIFRDRYFFSFFFWLDMLGSVSLVPLVIGITAQ
1001 NLVIARTGRAAKTVTRFSKTLQOASHIQQQIVHHIPVLRVFKFFGFKRDST
1051 LESPDYEEEEKFLSKPSQLWSRLAELTSQKLILGVLIIMILTPYFNNSEK
1101 DLAPLVSLDPLDDYLIGSPNFNLTVERVINMTKRHGYNLLYLGVKASCRS
1151 IKEGGYSYCLGIDVAGVEKYQQILPNVDEEPDGRQAAQEEFRPTELISVT
1201 SDSSRAQAYYSIKKKSRFKYGMNIAMTVLILLLLAAWCFFLSRDSNRLLI
1251 QPIERMVQFVKELAEDPVSFAGKTVVKPTGDSSKIMETFYVEAALVKIAS
1301 LTKVALGDAGMDILSVNLKGSEFNPMLPGKKIRACFGFCDIRNFTDATEC
1351 LOEDVMMFVNRIADVVHNKVVLHSGFPNKNIGDAFLIVWKKTVSDNTNKS
1401 RATSFADRALRAFLDIIQSIETSQSLAEFAKHPAIQKRMPGYRIHMGFGL
1451 HVGWAIEGAIGSAHKVDPSYLSPHVNMASRLEAATKQYGVMLLISETVIA
1501 HLTKSTLRDSCRKLDRVTVKGSQDPMVLYTFDIPLFQODLRGNPQEYRDI
1551 FEEAVDSYIDGDWDIALERLQECQTLWPTDKPATVLLTFMASHNNIAPEN
1601 WAGFRELTEK

Figure S1. Amino acid sequence of MpCAPE. The catalytic domains
of adenylyl cyclase (AC) and phosphodiesterase (PDE) are indicated by
red (1335-1521) and green (106-452), respectively. Two membrane-
spanning regions (TM1: 974-997 and TM2: 1220-1242) are indicated by
blue. The membrane-spanning regions were predicted by a web site,

TMHMM (http://www.cbs.dtu.dk/services/TMHMMY/).
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Figure S2. Purification of GST-MpCAPE-AC protein. Each affinity-purified
protein (1.5 pg) was loaded onto a 12% SDS-PAGE gel for electrophoresis. The gel
was stained with Coomassie Brilliant Blue. Lanel, GST-MpCAPE-AC; lane 2, GST-
MpCAPE-AC(D1340A); lane 3, GST. The positions of size markers are shown at the
left side of the gel.
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Figure S3. Partial purification and immunodetection of His-MpCAPE-PDE
proteins. (A) Partially purified protein samples (10 pg) were loaded onto a 12% SDS-
PAGE gel for electrophoresis. The gel was stained with Coomassie Brilliant Blue. The
arrow head indicates the position of the His-MpCAPE-PDE proteins. The positions of
size markers are shown at the left side of the gel. Lane 1: His-MpCAPE-PDE, lane 2:
His-MpCAPE-PDE-H199Q), lane 3: His-MpCAPE-PDE-H203Q. (B) The partially
purified protein samples (0.1 pg) were loaded onto a 12% SDS-PAGE gel for
electrophoresis and subjected to immunoblotting with an anti-T7 epitope tag antibody
for detection of His-MpCAPE-PDE proteins. The positions of size markers are shown at
the left side of the gel. Lane 1: His-MpCAPE-PDE, lane 2: His-MpCAPE-PDE-H199Q,
lane 3: His-MpCAPE-PDE-H203Q.
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Figure S4. Alignment of MpCAPE with its orthologues. MpCAPE amino acid sequence

is aligned with the orthologous sequences from Physcomitrella patens (PpCAPE),
Selaginella moellendorffii (SmCAPE), Adiantum capillus-veneris (AcCAPE), Coleochaete

orbicularis (CoCAPE) and Chara braunii (CbCAPE). Amino acid residues identical in

majority of sequences are shown in black boxes. Gap introduced for good alignment are

indicated by dashes. Number are amino acid positions for each protein sequence. Note that

AcCAPE is a partial sequence. The catalytic domains of adenylyl cyclase (AC) and

phosphodiesterase (PDE) are indicated by red and green bar, respectively.



